Introduction
Organic matter, being one of the most important constituents of soil, supplies energy and cell building constituents for most microorganisms and is a critical factor that enhances soil fertility. Soil quality relates the ability of soils to function effectively as a component of a healthy system (Schoenholtz et al., 2005) .
Vegetation plays an important role in supplementing organic matter in soil and soil formation process (Chapman & Reiss, 1992) . Similarly, soil microorganisms play key roles in ecosystem processes mainly maintaining soil quality, functions and nutrient cycling. The major groups of microorganisms found in soil are bacteria, fungi, actinomycetes, algae, protozoa, metazoa and soil earthworms. These organisms are responsible for changing the physical, biological and chemical properties of soil. Moreover, microorganisms have the capacity to transform biomass and raw materials in soils (UNEP, 2009) . Biomass, therefore, is both a source and sink of the nutrient contents in organic matter (FAO, 1993; Griffiths et al., 2012) . Physical, chemical and biological components of soils are therefore very important in maintaining ecosystem's structure, functions, stability and dynamics. Therefore, in this paper, attempt has been made to better understand the qualities of soils in Tarai and Siwalik regions of Nepal and comparisons of soil quality across different land-cover and forestcover types. For the purpose relevant journal articles and various reports published from Government of Nepal, particularly from Ministry of Forests and Soil Conservation have been reviewed.
Soils of Tarai and Siwalik region
Siwalik and Tarai regions of Nepal lie in southern part of Mahabharat range, respectively occupying 13% and 14% of the total land area of the country (LRMP, 1986) . Tarai region is boardered with India in the south. Siwalik and Tarai are unique in terms of physiographical, biological and ecological characteristics (Pokhrel, 2013) . Siwalik Hills are geologically young. Soils in this area originate from soft rocks and are dry (except during monsoon season). The lower Siwalik region is largely composed of finegrained sediments such as variegated mudstone, siltstone and shale with smaller amounts of fine-grained sandstone (Upreti, 1999) . The middle Siwalik has thick beds of multistoried sandstones altering with subordinate bed of mudstone. The upper Siwalik is characterized by the presence of very coarse sediments such as loose boulder conglomerates with minor proportions of mudstone intercalations (Upreti, 1999) .
The soils of the Siwalik and Tarai are associated with active and recent alluvial plains, fan and ancient river terraces, depositional basins (Dun valleys), flat, moderately to steepy sloping terrains; and steepy to very steepy sloping hilly terrain (LRMP, 1986) . Soils commonly found in the Siwalik region include Cambisols (Eutric and Dystric), Fluvisols, Gleysols, Phaezomes, Regosols and Luvisols, and in Tarai regions are Ustorthents, Ustifluvents, Ustochrepts, Haploquepts, Haplustolls (ISRIC, 2009 ) that are prone to erosion.
Soil quality issues in Siwalik and Tarai region
Soil erosion is one of the key environmental issues of Nepalese ecosystems. It is associated with the concerns related to loss of top soil, decrease of soil water capacity and reduced growth of vegetation (Zhou et al., 2006) . Siwalik region of Nepal is one of the fragile and vulnerable ecosystems in the Nepalese Himalaya, where soil erosion, landslide and land degradation are the fundamental issues (Ghimire et al., 2013) . These transitional mountains extend larger spatial coverage (Singh et al., 2001 ). Dalling and Tanner (1995) have shown that these regions exhibit low nutrient status due to removal of forest vegetation.
Siwalik range is usually made up of alluvial deposits. The erodible nature of conglomerates and sandstone, coupled with the steep terrain and porous soil, contributes to the fragile nature of the Siwalik region. Forest fires and disturbances due to floods are other important factors in this region (Dhital, 2009 ). The studies have reflected that human activities are the ultimate cause of this rapid loss of forest and biodiversity, as demand for land and other resources increases with the unprecedented growth of population (Gorenflo & Brandon, 2006; McKee, 2003; UNDP et al., 2000) . Similarly, Tarai region consists of recent and post-pleistocene alluvial deposits which form a piedmont plain south of the Himalayan. In the south of Tarai, it is bordered by the Indian Gangetic plain and in the north there is the Siwalik region. Its elevation ranges from 63 to 330 m above mean sea level (LRMP, 1986) . Loss of forest including native species can have negative impacts on the functioning and stability of ecosystems including the changes that occur in soil quality (Brown et al., 1999; Chauhan et al., 2014) . Also, the flood (splash, sheet and rill erosion) in the area causes loss of large amount of nutrients downstream. Similarly, slope length and steepness, surface soil condition, amount of rainfall are important factors determining the rates of soil erosion. Apart from these, particle size distribution and effect of slope exposition have substantial influence on soil erodibility and development of erosion features in Nepal (Shrestha, 1997) . The information on soil quality therefore is required for understanding ecosystem health and integrity.
Soil quality and issues in Siwalik region
Siwalik region of Nepal is vulnerable and prone to soil erosion (Karn, 2007) . The soil loss is also due to landslides in the area. According to Ghimire et al. (2013) erosion rates vary significantly within different land use types in the area. In barren land, up to 7.0 mm yr -1 mean soil erosion has been reported ( Among the forest types of Siwalik region of Nepal (Table 3) , KhairSisso (Acasia-Dalbergia) forests was observed with high bulk density. Pine Forest stands were determined to have higher average SOC content ( Table 2 ). The comparisons however are risky, as data taken are relatively unbalanced (FRA/DFRS, 2014a).
Nirola and Jha (2011) studied the soils of Siwalik Hills (of eastern Nepal) and they analyzed different physical and chemical properties of regenerating forest, mature forest and degraded forests. They observed organic matter, nitrogen, phosphorus and potassium content higher in mature forest than regenerating forest and degraded forest (Table 3 ). This might be due to comparatively stable nutrient dynamics in mature forests.
Similarly, Singh et al. (2001) studied the physico-chemical and microbial aspects of soils in moist tropical Sal forest ecosystem of Eastern Siwalik region of Nepal. They determined increased accumulation of soil microbial biomass and high N-mineralization rate with increasing time lag and maturity of successional stages of disturbed landscapes indicating self re-establishment capability of soils in the area.
Soil quality and issues in Tarai region
Soils of Tarai areas are also prone to erosion. Large amount of soil gets eroded every year sweeping away larger amount of top soil. The loss of top soil reduced amount of available nutrients from the soil. According to FRA/DFRS (2014b), the Tarai region has average SOC value 33.3 t ha -1 with the Central region having highest value (39.3 t ha -1 ) and the Western region having the least value (18.7 t ha -1 ). The average organic carbon content in litter and debris has been reported to be 0.26 t ha -1 , with the Central region having the highest value (0.35 t ha -1 ) (Fig. 2) . (Table 4) . Chauhan et al. (2014) studied the physico-chemical properties of soils of Western Chitwan of Nepal. They analyzed soil physical and chemical properties and determined soil texture, bulk density and textural class for the pasture and forest lands. In terms of soil texture, they reported slightly higher silt and clay percentage in forest soils as compared to pasture soil. Similarly, bulk density of forest land was reported to be higher. Though soils of both regions were loamy, the difference in bulk density was higher in the forest (Table 5 ). The study shows pasture soil has higher soil organic matter, nitrogen and phosphorus content than the forest soils. But, potassium content was higher in forest soil as compared to the pasture soil (Table 6 ).
Paudel and Shah (2003) studied the soils in tropical Sal forest of eastern Nepal (Tarai). The study considered Sal and mixed Sal forest for the study and reported soil in both forests to be acidic (Fig. 3) . Water holding capacity (WHC) was reported to be higher for mixed forest than for the pure Sal forest (less overlap of standard error bars). The humus content of the soil in two forests was not substantially different, though it was slightly higher in pure Sal forest than the mixed Sal forest. Similarly, the study reflected higher percentage of organic matter (OM) content in the soil of the pure Sal forest. The study reported mean soil nitrogen, available phosphorus and available potassium contents in both the forests to be similar (Fig. 4) . There seems similarity in the nutrient content based on overlap in the standard errors between treatments.
Organic carbon is one of the most important component in forest soils. Plant and animal residues, cells of micro-organisms, stable humus and higher carbonized compounds such as charcoal, graphite and coal (Nelson & Sommers, 1996) contribute to soil organic matter. Soil organic matter plays important role in determining the fertility and productivity (Feller & Beare, 1997 Forest floor is a major storage of organic matter content and other nutrients and serves as an important structural and functional component of the forest ecosystems (Covington, 1981) . Plant leaf and root litter are the major organic portions in soils of forest ecosystems which undergo changes mineralization (Sollins et al., 1996) . Formation of soil and consequent development of physical, chemical and biological characteristics depends also on the soil forming factors such as parent material, climate, topography, organisms and time (Hans, 1994) . Parent material can be rock or the remnants, which has been moved by wind, water, ice or gravity.
In forests, the nature of parent materials determines the soil aggregate characteristics. Climate influences soil characteristics in the ecosystems. Similarly, variation in topography also affects moisture and temperature relations. Slopes with southern exposure are warmer and drier than slopes with a northern exposure. The soils in hills are usually with shallower depth and valleys have darker and deeper soil horizons.
Similarly, time is an important factor affecting weathering of parent materials and consequently the aggregation of particles to give characteristic physical, chemical and biological properties. Soils of forests can be referred to as young, mature and old based on time scale of formation and varies with locations. Soil organisms also play important role in characterizing soil properties (Ingham, 1995) . Particularly, the role of micro-organisms is very important. The microbial communities are most diverse and abundant in soils but their diversity is poorly understood (Fierer & Jackson, 2005) , even in the soils of Siwalik and Tarai regions of Nepal. 
Conclusion
The present review reveals that physical and chemical characteristics of soil vary in Tarai and Siwalik regions of Nepal. The land areas covered with vegetation seem effective in controlling sheet erosion and consequently retention of important chemical nutrients of soils. Moreover, the soil quality depends on geographical location, abundance of living organisms (including micro-organisms), variation in relief, difference in catchment aspects and succession stage of the existing forest. However, in context of Nepal, there seems insufficient scientific information on these aspects. Likewise, studies on physical, chemical and biological aspects of soils also seem limited, especially in connection to soil micro-organisms, though these are important component of detritus food chain. Standard research framework and sampling designs are required for the comparisons of soil properties across different degraded forests or land-uses. The scientific baseline and database development would help restoration of the degraded areas and framing of future land management strategies in the country.
